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墨烯片层结构，BET 表征证实所合成的石墨烯具有 1-2 nm 的缺陷型超微孔。石
墨烯的缺陷超微孔成为催化剂负载的活性位点，有助于前驱体的均为分散、成
核和纳米粒子的生长。通过前驱体的熔融和再扩散过程使前驱体均匀分散在石
墨烯片层上，再通过加氢还原的方法制备出在粒径为 2~3 nm 的石墨烯载 Pt 纳
米粒子。用循环伏安法和恒电位安培法研究了不同载量的石墨烯载铂催化剂对























载体，将 Pt 或 PtRu 纳米粒子负载到 CeO2 上面，制备 CeO2 负载的 Pt 或 PtRu
电催化剂。研究结果表明：通过将分步合成的 2-3 nm 的 Pt 纳米粒子和 15 nm
的 CeO2 复合可得到粒径为 2-3 nm 的均匀分散的 CeO2 载 Pt。电化学循环伏安
法和恒电位安培法，以及电化学原位红外光谱法等研究表明：CeO2 作为金属氧
化物载体，对于铂纳米粒子催化甲醇具备明显的催化促进作用，体现在高电位
下甲醇氧化的电流密度增加。同样的方法得到的 Pt/XC-72 与 Pt/CeO2 进行对比，
发现 Pt/CeO2 对甲醇的催化性能提高了约 3 倍。通过原位红外光谱分析，表明
CeO2 主要是促进了 Pt 在高电位非 CO 毒化状态时甲醇的直接电氧化过程。XPS
分析表明 CeO2 通过配位电子效应改变了铂的 外层电子分布。为进一步提高
甲醇在低电位下的电氧化活性，该工作在上述催化剂体系中掺杂 10%（原子比
例）的 Ru 元素，通过化学还原共沉积的方法合成了 Pt9Ru1，并与 CeO2 复合制
备了 Pt9Ru1/CeO2 电催化剂。对比研究发现 Ru 元素以 10%原子比例的添加有利
于解决 Pt/CeO2 的 CO 毒化过程，促进了 CO 毒化物种在较低的电位下转化为
CO2，表现在甲醇的起始氧化电位提前了 0.09 V。而通过与参考的催化剂
Pt/XC-72 进行对比，可以发现 Ru 元素和 CeO2 的协同作用，分别促进了 Pt 在
低电位条件下的抗毒化过程和高电位条件下的直接氧化过程。因此 Ru 和 CeO2
可以作为 Pt 催化剂的辅助成分，改善 Pt 作为甲醇燃料电池的催化剂的性能。 
 
















Platinum-group metal nanomaterials are widely used as catalysts applied in 
fuel cells, petrochemical industry and other important fields.Due to their poor 
resources and high cost, It is a key scientific issue to further improve their activity, 
stability and utilization efficiency. Metals with smaller size obtain a higher 
efficiency.However their High surface energy and easy agglomeration lead to poor 
stability and loss of their activity. To avoid agglomeration of nanoparticles, 
surfactants are often used as stabilizers in preparation, which however take up the 
surface sites of the nanoparticles and their catalytic activity is lowered. Loading 
nanoparticles on the supports will improve catalysts dispersibility, stability and 
further improve their activity through the synergistic effect. The property of 
supported catalysts depends on the type of supports、the size and structure of 
nanoparticles and doping of other metals. This work is to explore supported Pt and 
Pt composite catalysts and investigate of their electro-catalytic performance for 
methanol oxidation.The main research contents and corresponding results are 
integrated into the following two parts. 
1. Graphene nanosheet (GS), as a kind of well-known 2D carbon resource with 
high electronic conductivity and stability, can be used as catalyst carrier. Due to its 
hydrophobic and easy aggregation properties, how to improve its good associative 
property with Pt nanoparticles still faces challenges.This work introduce a method to 
prepare GS by using a thermal expansion process associated with hydrogen reduction 
method. BET analysis proves that GS have micropores of 1.2 nm, which could be 
effectively used as active surface sites for dispersing precursor and anchoring Pt 
nanoparticles on GS The melt-diffusion strategy of Pt precursor and the reduction of 
precursor by using the H2 gas is a simple, facile, and easy to achieve 2.3 nm Pt 
particles. CV and j-t curves are achieved to reveal that the Pt/GS of 20 wt. % 















methanol oxidation. In contrast to commercial carbon carriers and by varying the Pt 
loading, the optimized catalyst was achieved. To assess the durability of platinum 
nanoparticles supported on exfoliated graphene nanosheets (Pt/GS (20%)), 
experiments were carried out in an O2-saturated 0.1 M HClO4 solution by the circular 
scanning in the potential region caused surface oxidation/reduction reaction of Pt at 
28 ºC. By comparison of the dispersion, size and morphonogy of Pt particles, it 
indicates Pt/GS (20%) exhibits the enhanced durability during the harsh condition test, 
which may attribute to the micropores on the GS provide sites to stabilize the Pt 
nanoparticles and lengthen their working life. In contrast with the catalyst Pt/XC-72, 
the Pt/GS (20%) performs better disperbility, activity and stability. This work 
ascribes a novel methods with the superiority as: simplicity, easy to reproduce, 
without loss, almost without limit of loading amount and mass production. 
2. To further achieve better catalysts for methanl electro-oxidation,  CeO2, as a 
support, is introduced. Pt and PtRu are loading on the CeO2 to aheive Pt/CeO2 and 
Pt9Ru1/CeO2 composited nanoparticles. Results reveal that 2-3 nm Pt nanoparticles 
are synthesized through chemical methods and well dispersed on the 15 nm CeO2 
nanorods. Electrochemical cyclic voltammetry, j-t curves and in situ electrochemical 
FTIR are employed to show that CeO2 as metallic oxide carrier, not only can 
effectively dispersed nanoparticles, also has obvious promoting effect for methanol 
oxidation, reflected from the high current density.In contrast with the Pt/XC-72, 
acheived from the same methods, the activity of Pt/CeO2 is improved about 2 
times.XPS tests improve that the combination between CeO2 and Pt varies the 
eletron dispersion.Based on the above catalysts, this work introduce the 10% atomic 
ratio of Ru, to aheive the Pt9Ru1, about 2 nm, through a conventional method, 
chemical codeposition and the catalyst Pt9Ru1/CeO2. The addition of Ru elements 
with 10% atomic proportion, help to resolve the CO poisoning process of Pt/CeO2, 
causing the methanol starting oxidation potential negative shift of 0.09 V. In contrast 
with the catalyst Pt/XC-72, the synergy of Ru elements and CeO2, mutually promote 















of the direct methanol oxidation process, respectively. Thus, the composition of CeO2 
and Ru function as assitant elements, help to improve the Pt proerties as anode 
catalysts of the methanol fuels cells. 
























































摘 要 ........................................................................................................... I 
Abstract ................................................................................................... III 
第一章 绪 论 ............................................................................................ 1 
§1.1 直接醇类燃料电池 ........................................................................................... 1 
§1.2 直接醇类燃料电池的工作原理 ....................................................................... 2 
§1.3 甲醇燃料电池的研究进展 ............................................................................... 3 
§1.3.1 载体的作用 ................................................................................................. 4 
§1.3.2 铂族复合催化剂 ......................................................................................... 6 
§1.3.3 非铂催化剂 ................................................................................................. 8 
§1.4 影响负载型贵金属纳米催化剂性能的因素 ................................................... 9 
§1.5 负载型铂催化剂的制备方法 ........................................................................ 12 
§1.6 本论文的研究思路和内容 ............................................................................. 16 
参考文献 ................................................................................................................. 17 
第二章 实验仪器和方法 ........................................................................ 24 
§2.1 试剂与溶液 .................................................................................................... 24 
§2.2 物理性质表征 ................................................................................................ 24 
§2.2.1 氮气等温吸脱附 ...................................................................................... 24 
§2.2.2 X-射线粉末晶体衍射（XRD） .............................................................. 25 
§2.2.3 扫描电子显微镜 ...................................................................................... 25 
§2.2.4 透射电子显微镜 ...................................................................................... 26 
§2.2.5 X-射线光电子能谱 .................................................................................. 27 
§2.3 电化学实验 ..................................................................................................... 27 
§2.3.1 电极 .......................................................................................................... 27 
§2.3.2 电解池 ...................................................................................................... 28 
§2.3.3 实验方法 .................................................................................................. 28 
§2.4 电化学原位反射 FTIR 光谱实验 ............................................................... 29 















§2.4.2 红外光谱仪器 ........................................................................................... 29 
§2.4.3 原位 FTIR 反射光谱 .............................................................................. 30 
参考文献 ................................................................................................................. 32 
第三章 缺陷型石墨烯载铂的制备和性能研究 .................................... 34 
§3.1 石墨烯材料的制备 ........................................................................................ 34 
§3.2 石墨烯的表征 ................................................................................................ 35 
§3.3 石墨烯负载铂催化剂 .................................................................................... 37 
§3.3.1 熔融法制备 Pt/石墨烯 ............................................................................ 37 
§3.3.2 催化剂的表征 .......................................................................................... 38 
§3.4 电化学表征 .................................................................................................... 42 
§3.4.1 CO 为分子探针的电化学研究 ................................................................ 43 
§3.4.2 甲醇电化学研究 ...................................................................................... 46 
§3.5 乙二醇还原合成石墨烯立方体铂 ................................................................. 51 
§3.5.1 合成过程 ................................................................................................... 51 
§3.5.2 形貌表征 .................................................................................................. 51 
§3.5.3 电化学表征 ............................................................................................... 54 
本章总结 ................................................................................................................. 56 
参考文献 ................................................................................................................. 57 
第四章 CeO2纳米棒复合的高分散 Pt 及 PtRu 纳米催化剂甲醇电催
化研究 ....................................................................................................... 59 
§4.1 CeO2 制备和表征 ............................................................................................ 60 
§4.1.1 制备过程 .................................................................................................. 60 
§4.1.2 结构表征 ................................................................................................... 60 
§4.2 Pt/CeO2 的合成及其表征 ............................................................................... 61 
§4.2.1 合成 ........................................................................................................... 61 
§4.2.2 结构表征 ................................................................................................... 62 
§4.3 Pt/CeO2 对甲醇电氧化的催化性能 ............................................................... 64 
§4.3.1 CV 表征 .................................................................................................... 64 
§4.3.2 CO 溶出曲线 ............................................................................................ 65 















§4.4 Pt9Ru1/CeO2 .................................................................................................... 68 
§4.4.1 合成 .......................................................................................................... 68 
§4.4.2 结构表征 .................................................................................................. 68 
§4.4.3 甲醇电氧化的催化性能 .......................................................................... 70 
§4.5 Pt/CeO2 及 Pt9Ru1/CeO2 对甲醇氧化的 MS-FTIR 研究 ............................ 73 
§4.6 Pt/CeO2 及 Pt9Ru1/CeO2 对 CO 的 MS-FTIR 研究 .................................... 78 































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
